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Optically Active Diarylethenes for Multimode
Photoswitching Between Liquid-Crystalline
Phases
By Chagit Denekamp and Ben L. Feringa*
The control of the structure and optical properties of liq-
uid-crystalline (LC) phases by means of light is a major
challenge in the development of molecular device and opti-
cal data storage systems.[1] For instance the use of photo-
chromic organic molecules for the modulation of meso-
phases is illustrated by the switching between nematic and
isotropic LC phases based on the photochemical cis–trans
isomerization of doped azobenzene in nematic media.[2]
It is well known that nematic liquid crystals can be con-
verted into chiral nematic (induced cholesteric) LC materi-
als using a chiral dopant.[3] Since nematic and chiral ne-
matic LC phases exhibit distinct optical properties
photochemical switching between these phases is highly
significant for display technology. In a few cases reversible
optical switching between a nematic (N) and chiral nematic
(N*) phase has recently been demonstrated.[4–8] We have
reported the photomodulation of LC phases using “chirop-
tical molecular switches”.[5,8]
Photochemical interconversion of two opposite helices of
cis and trans isomers of overcrowded alkenes doped in ne-
matic LCs resulted in switching between two cholesteric
phases, depending on the irradiation wavelength employed.
As the isomers of the chiral dopant were pseudoenantio-
mers the pitches of the two phases were opposite in sign.[5]
When enantiomers were used instead (racemic mixture),
circular polarized light was necessary in order to achieve a
small enantiomeric excess, which was amplified by doping
the chiral overcrowded alkene photoswitch in a nematic
LC phase, which resulted in a chiral nematic phase.[8] It is
also conceivable that switching between nematic and chole-
steric phases can be achieved by doping with a chiral
photoswitch that exhibits large difference in twisting power
in its two photostates.[4–7] By doping the nematic LC sam-
ple with the amount of dopant needed for the formation of
a chiral liquid-crystalline phase only in one photostate a
N ® N* or N* ® N LC switch can be produced.
Diarylethenes were found to be efficient optical switches
(Scheme 1)[9–13] and the two photostates show very differ-
ent absorption spectra (depending on the substituents).
The absorption maximum of the closed-form diarylethene
is about 300 nm red shifted from the absorption maximum
of the open form, a feature that was used as a non-destruc-
tive read-out method. Chiral diarylethenes were shown to
undergo asymmetric cyclization, providing one diastereo-
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mer in large excess.[13] In other cases it was found that even
if the diastereomeric excess is almost zero the two states,
that is, the open and the closed form, show very distinct cir-
cular dichroism (CD) and optical rotation dispersion
(ORD) spectra.[14] We now wish to report the induction of
chirality by doping diarylethene 1 in some nematic LCs
and effective photomodulation of LC phases. Besides re-
cording two different, wavelength-dependent, LC phases
the gradual change in the pitch value as a function of irra-
diation time was investigated in order to illustrate multi-
mode switching behavior.
The design of a suitable LC-compatible chiral optical
switch is based on a bisimine-modified diarylethene-con-
taining (S)-a-phenylethylamine appendage. The synthetic
route, characterization, and photoisomerization of bisimine
1 are reported elsewhere.[14] Doping of nematic LC materi-
als ZLI-389 and K15 with (S,S)-1 resulted in stable chole-
steric phases. In order to obtain a stable cholesteric phase
in a large range of temperatures 2–4 wt.-% of 1 is required.
It was possible, however, to induce a cholesteric phase with
0.7 wt.-% of 1 as long as the temperature was kept close to
the transition temperature. When a mixture of 1 in ZLI-389
was heated under a microscope slide in a programmable
hot stage and examined through crossed polarizers, a stable
cholesteric phase was observed close to the N–I transition
temperature.[15] When the temperature was kept within the
range of 51–54 C the cholesteric phase was stable for many
hours (Fig. 1a). When the mixture of 1 in nematic LC ZLI-
389 was irradiated with UV light of 300 nm for 50 s the
chiral nematic phase disappeared and a nematic phase tex-
ture was observed (Fig. 1b).[16] Irradiation of the sample
with visible light for 30 s resulted in the reappearance of
the cholesteric fingerprint texture.
The switching cycle was performed 6 times without dete-
rioration of the LC phases. The same experiment was re-
peated with K15 at 32 C and photoswitching between the
two states of chiral diarylethene dopant 1 resulted in
change of the cholesteric phase to nematic (UV) and back
to cholesteric (visible). From these results it is evident that
the open form of chiral bisimine-substituted diarylethene,
1, leads to the formation of a stable cholesteric phase both
with ZLI-389 and K15, while the helical twisting power of
the closed form, 2, is too low to effectively stabilize a chole-
steric phase. The pitch and screw sense of the cholesteric
phases and helical twisting power (HTP) were determined
with the Grandjean–Cano technique (Table 1).[16,17]
Table 1. Pitch values, HTP, and handedness of the cholesteric phases formed
by doping compound 1 in K15 and ZLI-389, as determined by the Cano–
Grandjean method.
[a] Doping with the enantiomer of 1 results in an opposite handedness.
The value of the pitch of the liquid-crystalline phases was
measured independently by the droplet method and the
same data were obtained (within 5 %).[18,19] After irradia-
tion for 50 s with UV light of 300 nm no disclination lines
were observed with the droplet method. Next a sample of
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Scheme 1. Photoisomerization of enantiomerically
pure bisimine 1.
Fig. 1. The texture of the nematic and twisted nematic liquid-crystalline phases; 1.4 wt.-% of 1 in ZLI-389 52 C. a) Cholesteric fingerprint texture. b) Nematic
texture.
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ZLI-389 or K15, doped with 2.0 % 1, which was place be-
tween the glass slide and the lens used for the pitch deter-
mination, was irradiated with UV light of 300 nm and the
change of the pitch with irradiation time was measured as
shown in Figure 2. Under these conditions a pitch value
could be determined even after long irradiation times for
both doped LC phases (up to 30 min) since irradiation
through the lens is less efficient. It was shown, however,
that the pitch of the two twisted nematic LC phases can be
gradually changed within irradiation time. These observa-
tions imply that in this case a multistate switch is demon-
strated rather than a two-state switch as, depending on the
irradiation time, a variety of states (with distinct P-values)
can be addressed. The photochemical isomerization was
reversible under these conditions as well: irradiation of the
nematic LC phases (obtained by irradiation with UV light)
with visible light for 10 min resulted in the reappearance of
the cholesteric phase with the original pitch value.
Fig. 2. The change of pitch value with irradiation time; 2.0 wt.-% of 1 in
ZLI-389 at 52 C and in K15 at 32 C.
In conclusion, we have shown that the chiral diarylethene
1 can induce stable cholesteric phases when doped in the
nematic LCs K15 and ZLI-389 and the switching between
the two forms of dopant diarylethenes 1 and 2 results in the
disappearance and reappearance of the cholesteric phase.
An effective N ® N* or N* ® N switch is therefore pro-
duced. Moreover, the pitch can be gradually changed with
irradiation time and as a consequence the basic features of
a multimode LC switch are demonstrated.
The decrease in pitch value via isomerization of the open
form diarylethene 1 to the closed form 2 indicates that the
twisting power of 2 is considerably smaller then the twisting
power of 1. However, since 2 is a mixture of two diastereo-
mers it is not clear at this moment to what extent the dia-
stereomeric product ratio of 2 affects the twisting power
and via a partial compensation effect influences the chiral-
ity of the liquid-crystalline phase.
In order to improve the switching rate[20] and modify the
wavelength used for switching as well as the pitch value
other diarylethylene derivatives are currently under inves-
tigation.
Experimental
The liquid-crystalline materials K15 (4¢-pentyl-4-biphenylcarbonitrile)
and the ZLI-389 mixture of methoxyphenylpentylbenzoate, hexyloxyphen-
ylpentylbenzoate, and 4-butyl-2-cyano-1-(hexyloxyphenylcarbonyloxy)ben-
zene were purchased from Merck (Darmstadt). The phase transitions were
determined by polarization microscopy using an Olympus BX 60 mi-
croscope and a Linkam THMS 600 hot stage. Irradiation was performed
with a coated 8 W low pressure mercury lamp at 300 nm, and a 150 W tung-
sten lamp was used for visible light. The converging lenses for determination
of the pitch were purchased from Steeg & Reuter, Germany, and the poly-
amide (Licralign CU1511) for surface alignment from Merck, Darmstadt
[16]. Glycerol was used for the determination of the pitch by the droplet
method [19].
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